Chapter 2

ENVIRONMENTAL
RADIOLOGICAL
PROGRAM
INFORMATION

Radiation in theEnvironment

Sour cesof Radiation

Members of the public are routinely exposed to
ionizing radiation from both natura and man-made
sources. Anindividud living inthe United States
(U.S)) isestimated to receive an average annual
effective dose equivalent of about 360 millirem
(mrem) (3.6 milliseverts[mSv]) (Nationa Coun-
cil on Radiation Protectionand M easurements Re-
port 93[1987h]).

While most of the radiation dose received by the
genera publicisfrom natural background sources,
man-made sources of radiation also contributeto
theaverage dose. Such sourcesinclude diagnos-
tic and therapeutic x-rays, nuclear medicine, fall-
out residues from atmospheric nuclear weapons
tests, effluents from nuclear fuel-cyclefacilities,
and consumer products such as smoke detectors
and cigarettes(Fig. 2-1).

Routineactivities at the West Valley Demonstra-
tion Project (WV DP or Project) have the poten-
tid torelease radioactive or hazardous substances
that could affect the environment.
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Exposur e Pathways

Theradionuclides present at theWVDP siteare
residues from the reprocessing of commercial
nuclear fuel during the 1960s and early 1970s by
aprevious site operator. A very small fraction of
these radionuclidesisreleased off site during the
year through ventilation systems and liquid dis-
charges. These releases makeanegligible contri-
bution to the radiation dose to the surrounding
population through severa exposure pathways.

An exposure pathway consists of a route for a
source of contamination or radiation to be trans-
ported by environmental mediato areceptor where
exposure may occur. For example, amember of
the public could be exposed to low concentrations
of radioactive particles carried by prevailing winds.

The potential pathways of exposure from Project
emissionsareinhaation of gases and particulates,
ingestion of locally grownfood products, consump-
tion of fish, beef, and venison, and exposure to
external penetrating radiation emitted from con-
taminated materids. Table2-1 summarizesthepo-
tential exposure pathways for the local off-site
population and describes the rationale for includ-
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Chapter 2. Environmental Radiological Program Information

lonizng Radiation

Radiation can be damaging if, in colliding with other matter, the alpha or beta particles or gamma
rays knock electrons loose from the absorber atoms. This process is called ionization, and the radia-
tion that produces it is referred to as ionizing radiation. lonization changes an eectrically neutral
atom, in which the positively charged protons and the negatively charged electrons balance each
other, into a charged atom called an ion. An ion can be either positively or negatively charged.
Various kinds of ionizing radiation produce different degrees of damage.

Potential Effects of Radiation

Biological effects of radiation can be either somatic or genetic. Somatic effects of radiation expo-
sure are limited to the exposed individual. For example, sufficiently high exposure to radiation can
cause clouding of the lens of the eye or a decrease in white blood cdls.

Radiation can also cause chromosomes to break or rearrange themselves or to join incorrectly with
other chromosomes. These changes may produce genetic effects and may show up in future genera-
tions. Radiation-produced genetic defects and mutations in the offspring of an exposed parent,
while not positively identified in humans, have been observed in some animal studies.

The effect of radiation depends on the amount absorbed within a given exposure time. The only
observable effect of an instantaneous whole-body dose of 50 rem (0.5 Sv) might be a temporary
reduction in white blood cell count. An instantaneous dose of 100-200 rem (12 Sv) might cause
additional temporary effects, such as vomiting, but usually would have no long-lasting side effects.
Assessng biological damage from low-level radiation is difficult because other factors can cause
the same symptoms as radiation exposure. Moreover, the body is able to repair damage caused by
low-level radiation. There have been no documented effects from exposures of less than 10 rem.

The effect most often associated with exposure to relatively high levels of radiation appears to be an
increased risk of cancer. However, scientists have not been able to demondrate with certainty that
exposure to low-level radiation causes an increase in injurious biological effects, nor have they
been able to determine if there is a level of radiation exposure below which there are no adverse
biological effects.

Health Effects of Low-Leval Radiation

Radionuclides entering the body through air, water, or food are distributed in different organs of the
body. For example, isotopes of iodine concentrate in the thyroid. Srontium, plutonium, and americium
isotopes concentrate in the skeleton. When inhaled, particulate uranium and plutonium isotopes may
remain in the lungs for a long period of time. Some radionuclides such as tritium, carbon-14, or
cesum-137 are distributed uniformly throughout the body. Thus, depending on the radionuclide, some
organs may receive quite different doses Moreover, at the same dose levels, certain organs (such as the
breast) are more prone to developing a fatal cancer than other organs (such as the thyroid).

Because of the uncertainty and difficulty in measuring the incidence of increased cancer resulting
from exposure to ionizing radiation, to be conservative, a linear modd is used to predict health risks
from low levels of radiation. This model assumes that there is a risk associated with all dose levels
even though the body may effectively repair damage incurred from low levels of alpha, beta, and
gamma radiations.
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Dose to the Public

ing or excluding each pathway when calculating
dosefromthe WV DP. For instance, drinking wa-
ter isnot considered apathway for exposurefrom
the WV DP because surveys revealed that local
residentsdo not use Cattaraugus Creek asasource
of drinking water.

Land Use Survey

Periodic surveysof local residents provideinfor-
mation about loca family sizes, sources of food,
and gardening practices. Inearly 2003, censusin-
formation from calendar year (CY') 2000 was used
to update population files used for dose assess-
ment. Information from the most recent land use
survey, conducted in early 2002, was used to con-
firm thelocations of the nearest residences. These
parameters are required for computer model sthat
are used for the annual dose assessments. (See
the discussion of Dose Assessment M ethodol ogy
later inthis chapter for more information on cal-
culation of doseto the public.)

Doseto the Public

Each year the potential radiological dose to the
publicthat is attributable to operations and efflu-
entsfrom the WV DPis assessed to verify that no
individual could credibly have received a dose
exceeding thelimits established by theregulatory
agencies.

Estimated doses are compared directly with cur-
rent radiation standards established by the U.S.
Department of Energy (DOE) and the U.S. Envi-
ronmental Protection Agency (EPA) for protec-
tion of the public. Thesevaues areaso compared
with the annual dose an average U.S. resident
receives from natural background radiation and
todosesreported in previous yearsfor the Project.
Figure 2-1 shows the relative contribution to the
annua dosein mrem from natural and man-made
sourcesincomparisonwiththeestimated CY 2004
maximum individual dose fromthe WV DP. (Units
of dose measurement are explained in detail later
inthischapter.)
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Figure 2-1. Comparison of Doses From Natural and Man-Made Sourcesto the Dose From 2004 WVDP Effluents
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Chapter 2. Environmental Radiological Program Information

As can be seen in Figure 2-1, natural sources of
radiation contribute 295 mrem (2.95 mSv) and
man-made sources contribute 65 mrem (0.65 mSv)
of thetota annual U.S. average dose of 360 mrem
(3.60mSv). In2004, the WV DP contributed avery
small amount (0.049 mrem [0.00049 mSv]) of the
total annua man-made radiation dose to the maxi-
mally exposed off-siteindividual (MEOSI) resid-
ing near the WV DP. This is much less than the
average dosereceived from using consumer prod-
ucts and isinsignificant compared to the federa
standard of 100 mrem alowed fromany DOE site
operations in a caendar year and the 295 mrem
received annually from natura sources. The dose
from WV DP operationsa soissmdl compared to
the estimated average additional dose an airline

crew member typically receivesfrom cosmicra-
diation (200900 mrem/year).

The results of these conservative dose calcula
tions demonstratethat the potential maximum dose
to an off-site resident is well below permissible
standards and is consistent with the as-low-as-
reasonably-achievable philosophy of radiation pro-
tection.

The following sections describe the monitoring
program used to measure radiationinthe environ-
ment near the WV DP and the methods used and
results of dose assessments using these measure-
ments.

Table 2-1
Potential Local Off-Site Exposure Pathways Under Existing WVDP Conditions

Exposure Pathway and Transporting Medium

Inhalation: gases and particulatesin air

(included)

Ingestion: cultivated crops
(included)

Ingestion: surface and groundwater
(excluded)

Ingestion: fish, beef, venison, and milk
(included)

External exposure: radiation from particul ates
and gases directly from air or surface water or
indirectly from surface deposition (included)

Reason for Inclusion/Exclusion

Off-gtetransport of contaminantsfromWVDP
stacks or resuspended particulates from soils
or water

Local agricultural productsirrigated with
potentially contaminated surface or
groundwater; foliar deposition and uptake of
deposited airborne contaminants

No documented use of local surface water or
downgradient groundwater wells as drinking
water by local residents

Fish exposed to contaminants in water or
sediments may be consumed; beef, venison,
and milk consumption following deposition of
transported airborne and surface water
contaminants

Transport of air particulates and gases to off-
Site receptors; transport of contaminantsin
surface water and direct exposure during
stream use and swimming
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Dose to the Public

Release of Materials Containing Residual
Radioactivity. The release of property contain-
ing residual radioactivity from DOE facilitiesis
carefully controlled by DOE guidelinesand pro-
cedures. Intwo special memorandaissued in Janu-
ary and July of 2000, the Secretary of Energy
placed amoratorium on rel ease of contaminated
materials and on unrestricted release, for metal
recycling fromradiologicd areaswithin DOE fa
cilities. Themoratoriumwill remainin effect until
directives clarifying therelease criteriahave been
developed and implemented. Any transfer that
places property (real property, structures, equip-
ment, or scrap meta) containing radioactivity into
public useisclassified as atype of environmental
release.

In keeping with DOE initiatives to expand envi-
ronmental information provided to the public, cer-
tain details of transfers of property containing
residual radioactivity areto beincluded inAnnual
Site Environmental Reports. Theinformation pro-
vided should include, among other things, thetype
of material and amount of residud radioactivity,
the basisfor releasing the property for public use
(including release limitsand when the property was
released), the end use and cost savings associ-
ated with release of the property, and potential
dosesto individuas and potential collective dose
to the public associated with each release. Asin-
dicated in Table 2-2, the WVDP did not release
any property classified per DOE Order 5400.5 as
material containing residual radioactivity in 2004.

Table 2-2
Release of Property Containing Residual Radioactive Material

Approved Rationale Date Type Basis
Limit of of for
Approval Material Release

NA NA NA None NA

No property containing residual radioactivity was released in 2004.

End Volume Total Maximum Collective
Use of Activity Individual Dose

M aterial Dose
NA 0 0 0 0
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RoutineM onitoring Program

Radiological Sampling
Program Overview

Samplesfrom environmental medialistedin Table
2-1 are collected each year and measured for ra-
dioactivity. Environmental sampling locationsare
shown onmaps in Appendix A and the complete
environmental monitoring scheduleissummarized
inAppendix B, This schedul e providesinforma-
tion on monitoring and reporting requirements and
the types and extent of sampling and monitoring
at each location. An explanation of the codes that
identify the sample medium and the specific sam-
pling or monitoring locationis also found in Ap-
pendix B® For example, asamplelocation code
such asAFGRVAL indicates an air sample (A),
collected off-ste (F), at theGreat Valey (GRVAL)
sampling station. These codes are used through-
out this report for ease of reference and to be
consistent with the data reported in the appendi-
Ces.

The food pathway is monitored by collecting
samples of beef, milk, and produce at near-site
and remote locations, samples of fish upstream
and downstream of the site, and samples of veni-
son from deer from near-site and background lo-
cations. Stream sediments are sampled upstream
and downstream of the WV DP, and both on-site
groundwater and off-sitedrinking water are rou-
tinely sampled. Direct radiation is monitored on
site, at the perimeter of the site, in communities
near thesite, and at background locations.

The primary focus of themonitoring program, how-
ever, is on surface water and air pathways, as
these are the principal means of transport of ra-
dionuclides from the WV DP.
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Liquid and air effluents are monitored on site by
collecting samples at locations whereradioactiv-
ity or other regulated substances are released or
might be released. Release pointsinclude water
effluent outfallsand plant ventilation stacks.

Surface water samples are collected within the
Project area from ponds, swamps, seeps, and
drainage channelsthat flow through the Western
New York Nuclear Service Center (WNYNSC)
and then off site into Cattaraugus Creek.

Both surfacewater and air samples are collected
at perimeter locations where the highest off-site
concentrations of transported radionuclidesmight
be expected. Samplesarealso collected a remote
locationsto provide background concentration data
for comparison with data from on-site and near-
sitesamples.

Overview of Water Effluent
and Ambient Surface Water
Monitoring

The Project is drained by severad smdl streams.
Frank’s Creek flows along and receives drainage
from the south plateau. As Frank’s Creek flows
northward, it isjoined by atributary, Erdman Brook,
which receives effluent from the low-level waste
treatment facility (LLWTF). Onthe north plateau,
beyond the Project fenceline, the north and north-
east swamp areas and Quarry Creek drain into
Frank’sCreek. Frank’s Creek continues acrossthe
WNY NSC andflowsinto Buttermilk Creek, which
leaves the WNYNSC and enters Cattaraugus
Creek (Figs. A-2andA-3).

Liquid effluentsfrom threelocations (the LLWTF
and thetwo natura drainages from the northeast
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Overview of Water Effluent and Ambient Surface Water Monitoring

and north swamps) are primary contributorsto site
dose estimates. (See Predicted Dose From Water-
borne Releases later in this chapter for an esti-
mate of the dose attributableto these waterborne
effluents.)

Low-Level Waste Treatment Facility Efflu-
ent. The discharge from the LLWTF through the
lagoon3weir (WNSPOO1 onFig. A-2) into Erdman
Brook isthe largest single source of radioactivity
released to surface watersfrom the Project. There
were eight batch releasestotaling about 15.0 mil-
liongdlons (56.6 millionliters) in2004.

The total amounts of radioactivity from specific
radionuclidesinthelagoon 3 effluent arelisted in
Appendix C-2* Theannual average concentra-
tion of each radionuclide is divided by its corre-
sponding DOE derived concertration guide (DCG)
to determine what percentage of the DCG was
released. (DCGsarediscussed in Chapter 1. DOE
DCGsfor radionuclides of interest at the WV DP
arelisted in Appendix K®) AsaDOE policy, the
sum of the percentages calculated for al radionu-
clidesreleased should not exceed 100%. Thecom-
bined annual average of radionuclide
concentrations from lagoon 3 effluent in 2004 was
approximately 21.2% of the DCGs.

The LLWTF was designed to efficiently remove
strontium-90 and cesium-137, the more prevaent
of thelong-lived fission productsin WV DP waste-
waters. Other radionuclides, such asuraniumiso-
topes, areadso removed to alesser extent. Uranium
isotopesarefoundin WV DP liquid waste because
they were present in the nuclear fuel that was
oncereprocessed at thesite. Uranium-232, amgjor
contributor to the combined DCG inlagoon 3 &f-
fluent, averaged about 8% of its DCG in 2004.
Variaionsinliquid effluent radionudideratios con-
tinue to reflect the dynamic nature of the waste
streams being processed throughthe LLWTF.

VWVDP Annual Ste Environmental Report

Outfall WNSPOO1 and other selected discharge
points are aso monitored for nonradiologica pa-
rametersunder theNew York State Pollutant Dis-
charge Elimination System program. See Chapter
3, Environmental Nonradiologica Program Infor-
mation.

Northeast Swamp and North Swamp Drain-
age. Thesetwo drainages conduct surface water
and emergent groundwater off site. The north-
east swamp sampling location (WNSWAMP) is
used to monitor surfacewater drainage from the
northeastern portion of the site’s north plateau.
The north swamp sampling point (WNSW74A) is
used to monitor drainage to Quarry Creek from
the northern portion of the plateau (Fig. A-2).

Data summaries from these two locations are
found inAppendix C-3%: Elevated gross betacon-
centrations at WNSWAMP, first noted in 1993,
continued to be observed in 2004. Gross betaac-
tivity at thislocation is largely attributableto stron-
tium-90. Concentrations of all radioisotopic
parameters detected at the two locations, other
than strontium-90 at WNSWAMP, werelessthan
1% of the respective DCGs for these parameters.

Strontium-90 concentrations at WNSWAMP in
2004 averaged 1.31E-06 microcuriesper milliliter
(uCi/mL ) (48.5 Becquerels per liter [Ba/L]),
higher than the average resultin 2003. (See Chap-
ter 4 for agraph of annualized average strontium-
90 concentrationsat WNSWAMPin 2004.) Even
thoughwaterswith devated strontium-90 concen-
trations drain from WNSWAMP into Frank’s
Creek, concentrations in waters collected from
Cattaraugus Creek downstream at the first point
of accessby thegenera public (WFFELBR) were
only slightly higher than those at background lo-
cationWFBIGBR, upstream of thelocationwhere
sitedrainage enters Cattaraugus Creek.
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Other North Plateau Surface Waters and
Water Effluent. DischargesfromWNSPOO1 and
WNSP0O07 leavethe sitethrough point WNSPOO6.
Radiologica results of analysesfrom WNSP006
and WNSPO07 are summarized in Appendices
C-4"and C-2", respectively.

VWNSP006. WNSPOO06 is located more than 2.5
miles (4.0 km) upstream from Thomas Corners
Road, thelast monitoring point before Buttermilk
Creek leavesthe WNY NSC and before the pub-
lic has access to the creek waters. Many of the
constituents detected in effluent from WNSPO01
were not detectable ashort distance downstream
at location WNSP006. Radionuclides that were
detected were found at concentrations at small
percentages of therespective DCGs. The highest
strontium-90 concentration at WNSP006 in 2004
was 3.52E-08 uCi/mL (1.30Bg/L), whichisless
than 4% of itsDCG (1E-06 pCi/mL).

Average concentrations for the radiological pa-
rameters detected at WNSP0O7 in 2004 werea so
at small percentages of their respective DCGs.

WNSP005 and WNCOOLW. Sampling point
WNSPO05 monitorsoverland drainege and ground-
water seepage on the east side of the main plant
and WNCOOLW monitors coolant water from a
contained basin within the facility. Summaries of
radiologica datafor WNSP005 and WNCOOLW
arefoundinAppendix C-3%

Although most radiologica concentrationsfor both
locationswerebdow detectionlevelsin 2004, gross
betaand strontium-90 were detected at WNSPOO5.
Thegross betaand strontium-90 level sat WN SPO05
may beinfluenced by inactive Lagoon 1. (See Chap-
ter 4,“Long-Term Trends of GrossBetaand Tritium
at Sdlected Groundwater Monitoring Locations.”)
Although e evated with respect to background, gross
betaand strontium-90 concentrations at WNSP005
werewell below thestrontium-90 DCG
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South Plateau Surface Water and Nuclear
Regulatory Commission (NRC)-Licensed Dis-
posal Area(NDA) | nterceptor Trench. Twoin-
activeunderground radicactivewagtedisposal aress,
the NDA and the New York State-Licensed Dis-
posa Area (SDA), lie on the south plateau of the
ste. (The SDA ismanaged by the New York State
Energy Research and Development Authority
[NY SERDA].) The drum cell, an aboveground
structure used to store gpproximately 20,000 drums
of processed low-leve radioactivewaste, islocated
nearby. Surfacewaters, which flow from thesouth
tothenorth, areroutindy monitored at severd points
around these areas (Fig. A-2). In addition to rou-
tine samples collected by theWV DP, samplesare
collected and analyzed by the New York State
Department of Health (NY SDOH) at the two
stream sampling pointsthat receivedrainage from
the south plateau, WNFRC67 and WNERB53.

NRC-Licensed Disposal Area. Sampling point
WNNDATR isasump at the lowest point inthe
collection trench system that intercepts ground-
water from the northeastern and northwestern
sides of the NDA. Water collected underground
at thislocationis pumped tothe LLWTF for treat-
ment prior to discharge at outfall WNSPOOL1. (See
Chapter 1 and Chapter 4 for an explanation of the
NDA Interceptor Trench and Pretreatment Sys-
tem.) If contamination were to migrate through
theNDA, itwould most likely befirst detected in
samplesfromnWNNDATR.

Surface water drainage downstream of the NDA
is monitored at WNNDADR. Further down-
stream, water from sampling point WNERB53in
Erdman Brook, which represents surface waters
fromtheNDA before they joinwith drainagefrom
themain plant and lagoon areas, isalsomonitored.
Some drainage from western and northwestern
portionsof the SDA a so passes through sampling
points WNNDADR and WNERB53. (See Ap-

pendix C-4™)
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Overview of Water Effluent and Ambient Surface Water Monitoring

Annual concentrations from WNNDATR are
listed inAppendix C-3® and quarterly results are
listed under “NDATR” inAppendix E™.

No gross aphaor cesium-137 activity was de-
tected at WNNDATR, WNNDADR, and
WNERB53in 2004. Noiodine-129 was detected
at WNNDATR and WNNDADR in 2004.
(Samplesfrom WNERB53 are not analyzed for
iodine-129.) Strontium-90 and associated gross
beta results at all three locations were elevated
withrespect to background (WFBCBKG), but all
werefar below the strontium-90 DCG. Residual
soil contamination from past waste burial activi-
tiesis thought to be the source of the strontium-
90 activity. The NDA is thought to be the
predominant source of gross betaactivity observed
at WNNDATR.

Although tritium concentrationsat WNNDATR
and WNNDADR weredso e evated with respect
to background values (those from WNERB53
were not), the maximum concentrationsfrom both
WNNDATR and WNNDADR were less than
1% of the DCG for tritium inwater (2E-03 puCi/
mL.). Allowing for seasond variations, tritium con-
centrations seem to be generally decreasing at
both WNNDATR and WNNDADR. Since the
half-lifeof tritiumisslightly longer than 12 years,
decreasing tritium concentrations may be partialy
attributable to radioactive decay.

New York Sate-Licensed Disposal Area. Point
WNSDADR is used to monitor drainage from
trench covers on the southwestern area of the
SDA. Immediately south of the SDA, and up-
stream of WNSDADR, sampling point
WNDCELD isused to monitor surface drainage
from the areaaround thedrum cdl (Fig. A-2). To
thenorthesst, sampling paint WNFRC67, inFrank’s
Creek, is used to monitor drainage downstream
of thedrum cell and the eastern and southern bor-
ders of the SDA. Summaries of results from
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WNSDADR, WNDCELD, and WNFRC67 may
befound in Appendices C-3®and C-4™

Gross beta and tritium concentrations at
WNSDADR, athough higher than background
concentrations, were a small percentage of the
DCGs. All other radiologicd results from surface
watersat the SDA werestatistically indistinguish-
ablefrom background.

Ponded (Standing) Water s. Four ponds near the
siteweretested in 2004. For comparison, aback-
ground pond 8.8 miles (14.1 kilometers[km]) north
of the Project was also tested. (See Figs. A-2, A-
3, andA-13for thelocations of thefive pondsand
Appendix C-4" for a summary of sampling re-
aults.) All radiological resultswere statistically the
same as concentrationsin the background pond.

Off-Site SurfaceWater. Samplesof surfacewater
arecollected at four off-sitelocations, two on But-
termilk Creek and two on Cattaraugus Creek. Off-
site sampling locations are shown onFig. A-3.

Fox Valley Road and Thomas Corners Bridge
Sampling Locations. Buttermilk Creek isthe ma-
jor surface drainage from the WNYNSC. One
monitoring station is located upstream of the
WVDPat Fox Vdley Road (WFBCBKG) and one
islocated downstream at Thomas Corners Bridge
(WFBCTCB). The Thomas Corners Bridge sam-
pling location is upstream of Buttermilk Creek’s
confluencewith Cattaraugus Creek. Thissampling
location represents animportant intercept point in
the pathway to humans because dairy cattle have
accesstothewater here. A listing of radionuclide
concentrations at background location
WFBCBKG compared with thosedownstream at
WFBCTCB may befound inAppendix C-4™

Gross apha, tritium, technetium-99, and cesum-

137 concentrationsa Thomas CornersBridgewere
statistically indistinguishablefrom background con-
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Chapter 2. Environmental Radiological Program Information

centrationsin 2004. Gross betaand strontium-90
concentrations at Thomas Corners Bridge, al-
though detected at |essthan 2% of the strontium-
90 DCG, were elevated in comparison to
background. These elevated concentrations may
be attributed to small amounts of radioactivity mov-
ing from the sitevia Frank’s Creek.

Cattaraugus Creek at Felton Bridge and
Bigel ow Bridge Sampling Locations. Radiologi-
cal data from samples taken at Felton Bridge
(WFFELBR), downstream of the point where
Buttermilk Creek enters Cattaraugus Creek, and
from Bigelow Bridge (WFBIGBR), upstream of
thispoint, are summarized inAppendix C-4™.

No statistically significant differenceswere noted
between upstream and downstream concentrations
of grossapha, tritium, strontium-90, and cesium-
137. Gross beta concentrations at Felton Bridge
(WFFELBR), however, weredlightly higher than
background concentrations, although detected at
lessthan 1% of the DOE DCG for strontium-90.

Figure 2-2 showsgrossalpha, gross beta, and tri-
tium results over the past ten years at Felton
Bridge. For the most part, tritium concentrations
represent detection limits and not detected radio-
activity. Taking into account seasond fluctuations,
gross betaactivity appearsto haveremained rela
tively constant at this location over the last de-
cade.

Overview of Drinking Water
Monitoring

Drinking water (potable water) is sampled both
off site (near the WVDP) and on site. Off-site
drinking water samples are takenfrom wellsthat
represent the nearest unrestricted use of ground-
water near the Project; none of these wells draw
from groundwater units underlying the site. Drink-
ing water and utility water for the Project are
drawn from two on-site surfacewater reservoirs.

On-Site Tap Water. On-site drinking water
sources were monitored for radionuclides at four

Tritium
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Figure 2-2. Ten-Year Trendsof GrossAlpha, GrossBeta, and Tritium Concentrations
at Sampling Location WFFELBR
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Overview of Sediment Monitoring

locations: the entry point at the utility room
(WNDNKUR), the Environmental Laboratory
(WNDNKEL), the maintenance shop
(WNDNKMS), and the main plant
(WNDNKMP). No differences were noted be-
tween control values at the utility room and those
from other Stelocations. Datatables may be found
inAppendix C-5%,

Off-SiteDrinking Water Wélls. Nine off-site pri-
vate, residentia groundwater wells between 0.9
miles(1.5km) and 4.3 miles (7 km) fromthefacil-
ity (WFWELO1 through WFWELO5 and
WFWEL 07 through WFWEL 10) were sampled for
radiologicd parametersin2004. A tenth privatewdl
(WFWELO06), 18 miles (29 km) south of the site,
provides abackground sample. Sampling locations
areshowninFiguresA-9,A-12, andA-13and re-
sultsare presented in Appendix C-5 Radiol ogi-
ca results in 2004 were close to or statigtically

Overview of Sediment
Monitoring

Particulate matter in streams can adsorb radio-
logical congtituentsin liquid effluents, settle onthe
bottom of the stream as sediment, and subsequently
be eroded or resuspended, especially during peri-
ods of high stream flow. These resuspended sedi-
ments may provide a pathway for radiological

constituents to reach humans either directly via
exposureor indirectly through thefood pathway.

On-Site Sediments. Sediments are collected at
three on-site surface water sampling pointswhere
liquid effluentsleaving the siteare most likely to
be radiologically contaminated: Frank’s Creek
whereit leavesthe security fence (SN SP006), the
north swamp drainage swale (SNSW74A), and
the northeast swamp drainage swae (SNSWAMP)
(Fig. A-2). (Note that swamp sediment samples

indistinguishable from background. may be partially composed of soils.) Resultsfrom
radiological analyses of these samples are listed
inAppendix G-2: Asin previousyears, grossbeta,
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Figure2-3. Ten-Year Trendsof Cesium-137 in Sream Sedimentsat One Location Upstream
and One Location Downstream of the WVDP
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Chapter 2. Environmental Radiological Program Information

strontium-90, cesium-137, and certain alphaiso-
topic results higher than background were noted.

Off-Site Sediments. Sedimentsare collected off
Site at threelocations downstream of the WV DP:
Buttermilk Creek at Thomas Corners Road
(SFTCSED), Cattaraugus Creek at Felton Bridge
(SFCCSED), and Cattaraugus Creek at the
Springvilledam (SFSDSED). Thefirst two points
are at water sampling locations. The third is be-
hind the Springville dam where significant sedi-
ments accumulate, including sedimentsthat may
have adsorbed radionuclides from the site. Sedi-
mentsare also collected at two locations upstream
of watersreceiving effluentsfromtheWVDP, But-
termilk Creek at Fox Valley Road (SFBCSED)
and Cattaraugus Creek at Bigelow Bridge
(SFBISED). Thetwo upstream locations provide
background datafor comparisonwith downstream
points (Fig. A-3).

Most radiological resultsfrom downstream sedi-
ment sampling Steswere satisticaly the sameas
those from background locations, except for ce-
sium-137 concentrations that were statistically
higher than background. A comparison of annual
averaged cesium-137 concentrations from 1995
through 2004 for two off-site sampling locations
isillustrated in Figure 2-3. Asthefigureindicates,
cesium-137 concentrations arerel atively stable at
the background location (SFBISED) and are gen-
erdly higher a the location downstream of the
WVDP (SFCCSED). Although cesium-137 ac-
tivity historically is elevated in downstream
Cattaraugus Creek sedimentsrelativeto upstream
sediments, the levels arefar lower than those of
naturally occurring gammaemitters, such aspo-
tassum-40.
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Overview of Air Emisson and
Ambient Air Monitoring

Permits obtained from the EPA dlow air contain-
ing small amounts of radioactivity to be released
from plant ventilation stacks during normal opera-
tions. The air released must meet criteria speci-
fied in the National Emission Standards for
HazardousAir Pollutants (NESHAP) regulations
to ensure that the environment and the public's
health and safety are protected. Dose-based com-
parisons of WV DP emissions against NESHAP
criteria are presented later in this chapter. (See
Predicted Dose FromAirborneEmissions, later in
thischapter.)

Unlike NESHAP dose criteria, the DOE DCGs
are expressed in units of uCi/mL and therefore
can be directly compared with concentrations of
radionuclidesin WV DP air emissions. DOE stan-
dards and DCGs for radionuclides of interest at
the WV DParefound inAppendix K™ Wheniso-
topic dataare not available, gross alpha and beta
measurements are assumed to come from ameri-
cium-241 and strontium-90, respectively, because
the DCGs for these radionuclides are the most
limiting for major particulate emissions at the
WVDP.

Ventilation and Emission Systems. Theexhaust
from each EPA-permitted ventilation system on
steiscontinuoudly filtered and the permanent sys-
temsare monitored asair isreleased to theatmo-
sphere. Becauseradionuclide concentrationsinair
emissionsarequitelow, alarge volumeof air must
be sampled at each point to measure the quantity
of specific radionuclides rel eased from thefacil-
ity. Emissions are sampled for both particulate
(e.g., strontium-90 and americium-241) and gas-
eous forms of radioactivity (e.g., tritium andio-
dine-129). Thetotal release of each radionuclide
(incuries) variesfrom year to year in responseto
changing site activities. For instance, rel eases of
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Overview of Air Emission and Ambient Air Monitoring

iodine-129 decreased after vitrificationwas com-
pleted, whilereleases of tritium, strontium-90, ce-
sium-137, and alphaisotopes generally increased
when decontamination and dismantlement activi-
ties began. (Note that calculated dose has re-
mained a small fraction of the standard. See
“Predicted Dose From Airborne Emissions’ later
inthischapter.)

TheMain Plant \entilation Sack. Themain plant
ventilation stack (ANSTACK) is the primary
source of airborne releases at the WVDP. This
stack, which vents to the atmosphere at a height
of approximatey 200 feet (morethan 60 meters),
releases ventilation exhaust from several facili-
ties, including theliquid waste treatment system,
the analytical laboratories, and off-gas from the
former vitrification system.

Tota curiesreleased from themain stack in 2004
arelisted inAppendix D™, together with annual av-
erages, maxima, and acomparison of averageiso-
topic concentrationswith theapplicable DCGs. As
in previous years, the 2004 average radioactivity
leves at the stack discharge point were dready
bel ow concentration guidelinesfor airborneradio-
activity in an unrestricted environment. Airborne
concentrations from the stack to the site boundary
are further reduced via dispersion by a factor of
morethan 200,000. Resultsfrom air samplestaken
just outsidethesite boundary confirmthat WV DP
operations had no discernible effect on off-sitear
qudity. (See*” Perimeter and RemoteAmbient Air
Monitoring,” later inthischapter.)

Other On-Site Air Sampling Systems. Sampling
systems similar to those of the main stack monitor
arborne effluentsfrom the former vitrification hegt-
ing, ventilation, and air-conditioning system
(ANVITSK), the 01- 14 building ventil ation stack
(ANCSSTK), the contact size-reduction facility
ventilationstack (ANCSRFK), thesupernatant treat-
ment system ventilation stack (ANSTSTK), the
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container sorting and packaging facility ventila-
tion stack (ANCSPFK), and theremote-handled
wastefacility (ANRHWFK), which began* hot”
operationsin June 2004 (Fig. A-4).

Appendix D®'presentstotal radioactivity released
for specific radionuclides (asavailable) at each of
these sampling locations. Samplesfrom locations
ANVITSK,ANCSSTK,ANSTSTK,ANCSPFK,
andANRHWFK occasionaly showed detectable
concentrations of gross radioactivity, as well as
specific beta- and dpha-emitting radionuclides, but
none approached any DOE effluent limitations.
(ANCSRFK did not operatein 2004, thereforeno
samplesweretaken.)

Permitted portable outdoor ventilation enclosures
(OVEs) areused occasionaly to providethe ven-
tilation necessary for the safety of personnd work-
ing with radioactive materials in areas outside
permanently ventilated facilitiesor inareaswhere
permanent ventilation needs to be augmented. In
2004, decontamination of extraction cdll 2 inthe
main plant was monitored by OVEs. Air samples
from OV Esare collected continuously whilethose
emission points are discharging, and data from
these portable ventilation unitsareincluded in an-
nual airborne emission evaluations. Averagedis-
charges from OVEs were well below DOE
guiddines.

Threeair samplers monitor ambient air near three
on-site waste storage units — thelag storage area
(ANLAGAM), theNDA (ANNDAAM), and the
SDA (ANSDATY) (Fig. A-4). These samplers
were put in placeto monitor potential diffusere-
leases of radioactivity. Monitoring datafrom these
locationsare presented in Appendix D™

Withthe exception of tritiumresultsat ANSDATY,
radiological datasetsfor thethreelocationswere
statistically indistinguishable from resultsfor the
background air monitoring location at Great Val-
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ley (AFGRVAL). Although tritium results at
ANSDAT9 were elevated with respect to back-
ground, eventhehighest result (5.51E-12 pCi/mL
[2.04E-01 Bg/m3]) was less than 0.01% of the
DOEDCGfor tritiuminair (1E-O7 uCi/mL).

Perimeter and Remote Ambient Air Moni-
toring. In 2004, samplesfor radionuclidesinair
were collected at six locations around the perim-
eter of thesiteand at threeremotelocations. Maps
of the sampling locations are found on Figures
A-5,A-12, andA-13.

The perimeter locations on Fox Valley Road
(AFFXVRD), Rock Springs Road (AFRSPRD),
Route 240 (AFRT240), Thomas Corners Road
(AFTCORD), DutchHill Road (AFBOEHN), and
at thesite'sbulk storagewarehouse (AFBLKST)
were chosen because they provide historica con-
tinuity (asformer Nuclear Fue Services, Inc. sam-
pling locations) or because they represent themost
likely locations for detecting off-site airborne con-
centrations of radioactivity.

The remote locations provide data from nearby
communities (West Valley [AFWEVAL] and
Springville[AFSPRVL]) and from amoredistant
background area(Great Valley [AFGRVAL], 18
miles [29 km] south of the site), whichis consid-
ered representative of regional background air.
Data from these locations are presented in Ap-

pendix D™

Ten-year gross aphaand gross beta concentra-
tionsat the Rock Springs Road location are shown
in Figure 2-4. Within a range of seasona and
weekly fluctuations, the concentrations have been
relatively constant over the past ten years.

Radioisotopic results from samples taken at the
two near-site communities and from the site pe-
rimeter were dtatigtically indistinguishablefromre-
sultsfrom the background samples, suggesting that
thereisno adverse site influence on theair quality
at these near-sitelocations.

uCi/mL
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Figure 2-4. Ten-Year Trendsof GrossAlpha and Gross Beta Concentrations
at Rock Springs Road (AFRSPRD)
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Overview of Food Chain Monitoring

Atmospheric Deposition and
Soil Monitoring

Fallout Pots. Fallout samples are analyzed to
monitor short-term depasition of radionuclides at
four of the perimeter air sampler locationsand at
one on-sitelocation near the rain gauge outside of
the Environmental Laboratory (Figs. A-4 and A-
5). Thedata from precipitation analysesare pre-
sented in Appendix D™ The low levels of
radioactivity released inmain stack emissionsdid
not measurably affect on-site or perimeter fallout
pot samplesin 2004.

Off-Site Surface Soil. Surface soil near the off-
siteair samplersis collected to assess long-term
deposition of radionuclides. M aps of the off-site
surface soil sampling locations are on Figures
A-3,A-12, andA-13.

Themeasured concentrations of most site-related
radionuclidesin soilsfrom the perimeter and com-
munity locations (Appendix G-2) were statisti-
caly indistinguishablefrom regional background
concentrations. Elevated gross betaconcentrations
were noted at Thomas Corners, consistent with
historica datafrom thissoil sampling location.

Overview of Food Chain
Monitoring

Each year food samples are collected from loca-
tions near the site (Fig. A-9) and from remotelo-
cations (Figs. A-12 and A-13). Fish and deer are
collected during periods when they would normally
be taken by sportsmen for consumption. Corn,
apples, and beans are collected annualy at the
time of harvest. (See Measurement of Radionu-
clide Concentrationsin Food, later inthischapter,
for adiscussion of estimating doses from food-
stuffs.)) Resultsarelisted inAppendix F™
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Fish. Fishare obtained under acollector’s permit
by el ectrofishing, amethod that temporarily stuns
thefish, alowing themto be netted for collection.
Electrofishing allows more efficient species-se-
lective control than sport fishing, with unwanted
fish being returned to the creek essentialy un-
harmed.

Fish were collected from three locationsin Catt-
araugus Creek in 2004: ten fish were collected at
each of twolocations downstream of WNYNSC
drainage — one above the Springville dam
(BFFCATC) and one below the Springville dam
(BFFCATD). Ten more fish were collected up-
stream of the site (BFFCTRL). The fish taken
bel ow the dam (BFFCATD) included speciesthat
migrateabout 40 miles (morethan 60 km) upstream
from LakeErie.

Strontium-90 resultsfrom fish downstream of the
ste(BFFCATC) weredevated in comparisonwith
the background results (BFFCTRL ). No other re-
sultswerestatistically higher than background. Al
results were withinthe range of historical vaues.

Venison. Radionuclide datafor venison samples
were taken from vehicle-deer accidents around
the WNY NSC and from deer collected far from
thesitein thetownsof Farmersville, Allegany, and
Machias, New York .

Although the cesium-137 resultsfor one near-site
deer was elevated with respect to background,
the result was consistent with historical results.
The remainder of the data from 2004 show no
statistical differences between concentrations of
radionuclidesin near-site and control samples.

From 1994 through 2004 (except 2001), during the
big-game hunting season, hunters were allowed
accessto designated areas withinthe WNYNSC,
exduding the WV DP premises, inacontrolled hunt-
ing program established by NY SERDA. (The hunt
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was canceled in 2001 because of heightened se-
curity concerns.) Datafrom previous hunts have
shownthat concentrations of radioactivity in deer
flesh have been very low, indicating that Project
activities havelittle or no effect onthelocal herd.

Beef. No significant differences were found be-
tween results from near-site and background
samples.

Milk. Near-stesampleresultswereindistinguish-
ablefrom background control sampleresuilts.

Vegetables and Fruit. WV DP-related nuclides
inresultsfrom sweset corn, beans, and apples col-
lected at harvest time were statistically the same
as measurements from background samples.

Direct Environmental
Radiation Monitoring

M onitoring points are located on site at the waste
management units, at the site security fence,
around the WNY NSC perimeter and the access
road, and at abackground location remote from
theWVDP(Figs. A-10throughA-13). Theiden-
tification numbers associated with each location
were assigned in chronologica order of original
installation.

Quarterly and annual averages of thermolumines-
cent dosimeter (TLD) measurements at off-site
and on-site locations are noted in Appendix H®.
Theresults of measurements in 2004 show typi-
cal seasonal variations and are similar to results
from previousyears.

On-SiteRadiation Monitoring. Asinpast years,
the on-site monitoring point with the highest dose
readings was location #24. Sealed containers of
radioactive components and debris from the plant
decontamination work are stored nearby.
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The average exposure rate at location #24 was
about 475 milliroentgens (MR) per quarter (216
microroentgen per hour [R/hr]) during 2004,
dlightly lower thanthe exposureratein 2003 (231
MR/hr). Exposurerates at this location have been
generally decreasing over time because the ra
dioactivity in the materials stored nearby is de-

caying.

The on-site monitoring point with the second high-
est dose readings (location #40) was near the
waste tank farm. The average exposure rate at
location #40 in 2004 was about 112 mR/quarter
(51 uR/hr), the same asin 2003. Asexpected, re-
sultsfrom TLDslocated near on-stefacilitiesare
generdly higher than background results, however,
these TLD locationsarewe | withintheWNY NSC
boundary and are not accessible by the public.

INn 2004, increasesin exposurerates near the drum
cell and at another location near the main plant
(DNTLD38) were thought to be attributable to
the movement past and storage of sodium-bear-
ing radioactive waste contai ners near these moni-
toring points. Even though increases were noted
at thesetwo locations, no comparable exposure
increases were noted at TLDs onthe site perim-
eter.

Perimeter and Off-SiteRadiation Monitoring.
Theperimeter TLDs (TLDs#1-16 and #20) are
distributed in thel6 compass sectors around the
facility near the WNYNSC boundary. Results
from the perimeter and community TLDs were
statistically the same as results from the back-
ground TLD. Theperimeter TLD quarterly aver-
ages shown on Figure 2-5 indicate seasonal
fluctuations but no long-term trends. The quar-
terly average of the 17 WNY NSC perimeter TLDs
was16.1 MR per quarter (7.4 uR/hr) in2004, dightly
lower thanin 2003.
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Meteorological Monitoring

Confirmation of Results. Performance of the
environmenta TLDsisconfirmed periodically us-
ing aportable high-pressureion chamber (HPIC)
detection system. The TLD resultsincludetheen-
tirethird quarter of 2004; the HPIC resultswere
collected over aperiod of less than 30 minutes.

Since these measurements are made with differ-
ent systems and over differing periods of time,
they are not directly comparable. The average
relative percent difference between the two sets
of measurements was about 28%, indicating gen-
eral agreement between thesetwo different mea
surement methods. (Guidance in American
National Standards Ingtitute N545-1975, the stan-
dard for environmental dosimetry, uses measure-
ment agreement within 30% total uncertainty asa
performance specification for TLD measure-
ments.)

Meteorological M onitoring

Meteorological monitoring at theWVDP provides
representative and verifiable datathat character-
izethelocd and regiond climatology. These data
are used primarily to assess potential effects of
routineand nonroutine releases of airborneradio-

activematerials and to devel op dispersion models
used to calculate the effective dose equivalent to
off-site residents. Sincedispersive capabilities of
the atmosphere are dependent upon wind speed,

wind direction, and atmospheric stability (which
includes afunction of the difference intempera-

ture between two elevations), these parameters
are closely monitored and are available to the
emergency response organization at theWVDP.

The on-site 197-ft (60-m) meteorol ogical tower
(Fig.A-1) continuoudly monitorswind speed, wind
direction, and temperature at both the 197-ft (60-
m) and 33-ft (10-m) eevations. In addition, anin-
dependent, remote 33-ft (10-m) meteorological

station, located approximately 5 miles (8 km) south
of thesiteonahillcrest on Dutch Hill Road (Fig.

20
DFTLDOL through DFTLD16 and DFTLD20
15 combined quarterly average
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Figure 2-5. Ten-Year Trendsof Environmental Radiation Levelsat Perimeter TLDs
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A-12), continuoudy monitorswind speed and wind
direction. Dewpoint, precipitation, and barometric
pressure are also monitored on site.

Sewer Integrity Evauation” inthe Environmental
Compliance Summary) and with rehabilitation of
therailroad spur (see * Soil and Sediment Moni-

toring” in Chapter 3).

Thetwo meteorological locations supply datato
the primary digital and analog dataacquisition sys-
temslocated withinthe Environmental Laboratory.
On-site systems are provided with either
uninterruptible or standby power backup in case
of site power failures. In 2004, the on-site system
datarecovery rate (thetimevalid datawerelogged
versusthetotd elapsed time) was approximately
93.1%. Regional data at the 33-ft (10-m) eleva
tion and mean wind speed and wind direction at
the 33-ft and 197-ft (10-m and 60-m) elevations
at theon-sitetower during 2004 are showninAp-
pendix I

Weekly and cumulativetotal precipitation dataare
presented in Appendix I™ Precipitation in 2004
was gpproximately 43.2 inches (110 cm), about
5% more than thelong-term annual average (41.0
inches[104 cm]).

Documentation, such as meteorological system
cdibrationrecords, sitelog books, and analog strip
charts, isstored in protected archives. Meteoro-
logical towers and instruments are examined three
times per week for proper function and are cdi-
brated semiannually and/or whenever instrument
maintenance might affect calibration.

Special Monitoring

Specia monitoring comprises sampling and analy-
ses not covered by the routine environmental moni-
toring program but that address items of
environmental interest. Special monitoring pro-
grams are used to verify and/or track theseitems.
Some special environmental monitoring was car-
ried out in 2004 associated with a breach of the
laundry wastewater line (see” RCRA 3008 h] Ad-
ministrative Order on Consent” and “Process
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Radiological Effluentsand Dose

Dose Assessment
M ethodology

The potential radiation doseto the genera public
from activities at the WVDP is evaluated by us-
ing atwo-part methodology applied in amanner
consistent with the requirements of DOE Order
5400.5. Thefirst part uses the measurements of
radionuclide concentrations in liquid and air re-
leased from the Project to determine annual total
effect. The second part uses measurements of ra-
dioactivity in food from locations near the Project
boundariesto evaduatetheimpact of the annud total
release.

Radiologica doseisevauated for al major expo-
sure pathways, including externd irradiation, inha-
lation, andingestion of loca food products. Thedose
contributions from each radionuclide and pathway
combination are then combined to obtain the total
dose estimatesreported in Table 2-3.

Measurement of Radionuclide Concentra-
tionsin Liquid and Air Releases. Becauseit is
difficult to distinguish the health effects of the small
amount of radioactivity originating from the Project
and naturally occurring radiation in the environ-
ment, computer codes are used to mode the envi-
ronmenta dispersion of radionuclidesthat originate
from on-site monitored ventilation stacksand lig-
uid discharge points.

Actual datafrom release-monitoring samplesare
collected, together with annual weather measure-
ments and the most recent demographicinforma:
tion. (SeeAppendicesC, D, and I'™) The effective
dose equivalent (EDE) tothe maximally exposed
off-siteindividual (M EOSl) and thecollective EDE
to the population withina50-mile (80-km) radius
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arethen calculated using conservative model sthat
have been approved by the DOE and the EPA to
demongtrate compliance with radiation standards.
(See the inset on Radiation Dose and Units of
Dose Measuremen.)

Measurement of Radionuclide Concentra-
tionsin Food. The second part of the dose as-
sessment is based on actual measurements of
radioactivity in samples of foodstuffsgrowninthe
vicinity of the WV DP and the comparison of these
values with measurements of samples collected
from locations well beyond the potential influence
of site effluents.

If any of the near-site food samples contain ra-
dionuclide concentrations that are statistically
higher than the concentrationsin control samples,
separate dose caculations are performed to verify
that the cal culated foodstuff doseiswithinthedose
range estimated by computer modeling. (See Cal-
culated Dose From Local Foodstuff Tests, later in
thischapter.)

These estimates show that the concentrations of
radioactivity, whether from sitesnear the WV DP
or from distant locations, are small —usually near
the analytical detection limits—thereby providing
additiond assurancethat operationsat the WV DP
are not adversely affecting the public.

These calculated doses are used as an indepen-
dent confirmation of (not added to) the computer-
modeled estimates (Table 2-3) becausethe models
dready include contributionsfrom al environmen-
tal pathways.
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Radiation Dose

The energy released from a radionuclide is eventually deposited in matter encountered along the
path of the radiation. The radiation energy absorbed by a unit mass of material is referred to as
the absorbed dose. The absorbing material can be either inanimate matter or living tissue.

Alpha particles leave a dense track of ionization as they travel through tissue and thus deliver
the most dose per unit path-length. However, alpha particles are not penetrating and must be
taken into the body by inhalation or ingestion to cause harm. Beta and gamma radiation can
penetrate the protective dead skin layer of the body from the outside, resulting in exposure of
the internal organs to radiation.

Because beta and gamma radiations deposit much less energy in tissue per unit path-length
relative to alpha radiation, they produce fewer biological effects for the same absorbed dose.
To allow for the different biological effects of different kinds of radiation, the absorbed dose
is multiplied by a quality factor to yield a unit called the dose equivalent. A radiation dose
expressed as a dose equivalent, rather than as an absorbed dose, permits the risks from differ-
ent types of radiation exposure to be compared with each other (e.g., exposure to alpha radia-
tion compared with exposure to gamma radiation). For this reason, regulatory agencies limit
the dose to individuals in terms of total dose equivalent.

Units of Dose Measurement

The unit for dose equivalent in common use in the U.S. is the rem, which stands for roentgen
equivalent man. The international unit of dose equivalent is the sievert (Sv), which is egqual to
100 rem. The millirem (mrem) and millisievert (mSv), used more frequently to report the low
dose equivalents encountered in environmental exposures, are equal to one-thousandth of a
rem or sievert, respectively. Other radioactivity unit conversions are found on p. UOM-2 at the
back of this report.

The effective dose equivalent (EDE), also expressed in units of rem or sievert, provides a
means of combining unequal organ and tissue doses into a single “ effective’” whole body dose
that represents a comparable risk probability. The probability that a given dose will result in
the induction of a fatal cancer is referred to as the risk associated with that dose. The EDE is
calculated by multiplying the organ dose equivalent by the organ-weighting factors developed
by the International Commission on Radiological Protection (ICRP) in Publications 26 (1977)
and 30 (1979). The weighting factor is a ratio of the risk from a specific organ or tissue dose
to the total risk resulting from an equal whole body dose. All organ-weighted dose equivalents
are then summed to obtain the EDE.

The dose from internally deposited radionuclides calculated for a fifty-year period following
intake is called the fifty-year committed effective dose equivalent (CEDE). The CEDE sums the
dose to an individual over fifty years to account for the biological retention of radionuclides
in the body. The total EDE for one year of exposure to radioactivity is calculated by adding
the CEDE to the dose equivalent from external, penetrating radiation received during the
year. Unless otherwise specified, all doses discussed here are total EDE values, which include
the CEDE for internal emitters.

A collective population dose is expressed in units of person-rem or person-sievert because the
individual doses are summed over the entire potentially exposed population. The average
individual dose can therefore be estimated by dividing the collective dose by the population.
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Predicted Dose From Airborne Emissions

Predicted Dose From
Airborne Emissons

Airborneemissions of radionuclidesareregulated
by the EPA under the Clean Air Act and itsimple-
menting regulations. DOE facilities are subject to
40 Code of Federal Regulations (CFR) 61, Sub-
part H, NESHAP. Subpart H containsthenational
emission standards for emissionsof radionuclides
other than radon from DOE facilities. The appli-
cable standard for radionuclidesisamaximum of
10 mrem (0.1 mSv) effective dose equivaent to
any member of the publicin any year.

Releases of airborneradioactive materialsin 2004
from nominal ground-level stacks (1to 24 meters
high) and from themain 60-meter-high stack were
modeled using the EPA-approved CAP388-PC
computer code (Parks, June 1997). Thisair dis-
persion code estimates effective dose equivadents
for the ingestion, inhdation, air immersion, and
ground surface pathways.

Site-specific datafor CY 2004 non-radon radio-
nuclide releases in curies per year are listed in
Appendix D™} Applicableinformation from these
tableswas used asinput to the CAP88-PC code,
aswerewind data collected from theon-site me-
teorological tower during 2004 and current local
population distribution information.

Resulting output from the CAP88-PC code was
then used to determine the total EDE from air
emissionsto amaximally exposed individua and
the collective dose to the population within a50-
mile (80-km) radius of the WV DP.

Maximum Dose to an Off-Site I ndividual.
Based onthe non-radon airborneradioactivity re-
leased from all sourcesat thesiteduring 2004 (i.e.,
permitted stacks, stacks that do not require per-
mits, and nor+point sources), it was estimated that
apersonliving inthevicinity of the WV DP could

2-21

VWWDP Annual Ste Environmental Report

have received a total EDE of 0.0015 mrem
(0.000015 mSv) fromairbornereleases. Thecom-
puter model estimated that this MEOSI was lo-
cated 1.2 miles (1.9 km) north-northwest of the
sSiteand was assumed to eat only locally-produced
foods. Morethan 50% of the dosefrom main plant
stack emissionswas fromiodine-129.

The maximum total EDE of 0.00078 mrem
(0.0000078 mSv) from the permitted stacks and
ventsisfar below levelsthat could bedirectly mea
sured at the exposed individual’sresidence. This
doseiscomparableto about one and one-half min-
utesof natural background radiation received by
an average member of the U.S. populationand is
well below the 10 mrem (0.1 mSv) NESHAPIlimit
promulgated by the EPA and mandated by DOE
Order 5400.5.

Collective Population Dose. The CAP88-PC
programwas used to estimatethe collective EDE
to the popul ation. Based upon thelatest U.S. cen-
suspopulaiondatacdlectedin CY 2000, 1.54 mil-
lion peoplewere estimated to residewithin 50 miles
(80 km) of the WV DP. This population received
anestimated 0.012 person-rem (0.00012 person-
Sv) totd EDE from radioactive non-radon arborne
effluents released from WV DP point and diffuse
sources during 2004. (See the discussion of ra-
don-220 later inthis chapter.) The resulting aver-
age EDE per individual was 0.000008 mrem
(0.00000008 MSv).

lodine Emissions From the Main Stack. In
theten-year period before the startup of vitrifica-
tion, iodine-129, along-lived radionuclide, was
found inmainstack emissionsat levels of approxi-
mately 0.007 to 0.057 mCi/year. In 1996, when
vitrification operationsbegan, 1.20 mCi of iodine-
129 werereleased and in 1997, thefirst full year
of vitrification, amaximum release of 7.4 mCi was
observed. Theincrease occurred because gaseous
iodine was not as efficiently removed by thevitri-
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Table 2-3
Summary of Annual Effective Dose Equivalents to an Individual
and Population From WVDP Releases in 2004

ExposurePathways Annual Effective Dose Equivalent

Maximally Exposed Collective Effective
Off-Site Individual® Dose Equivalent?

mrem (mSv) person-rem (person-Sv)

Airborne Releases® 1.5E-03 (1.5E-05) 1.2E-02 (1.2E-04)

% EPA standard (10 mrem) 0.02% NA
Water borne Releases*

Effluents only 1.6E-02 (1.6E-04) 1.5E-02 (1.5E-04)

Effluents plus north plateau drainage 4.7E-02 (4.7E-04) 1.9E-01 (1.9E-03)
Total from all Pathways 4.9E-02 (4.9E-04) 2.0E-01 (2.0E-03)

% DOE standard (100 mrem) — 0.05% NA

air and water combined

% of natural background
(295 mrem; 453,000 person-rem) — 0.02% 0.00005%
received from air and water combined

Estimated Airborne Radon-220° 1.2E-02 (1.2E-04) 3.4E-01 (3.4E-03)

NA - Not applicable. Numerical regulatory standards are not set for the collective EDE to the population.

1 The maximum exposure to air discharges is estimated to occur at a residence 1.9 kilometers
north-northwest of the main plant building.

2 A population of 1.54 million is estimated to reside within 80 kilometers of the site.

3 Releases are from atmospheric non-radon point and diffuse sources. Calculations use CAP88-PC
to estimate individual and population doses. EPA and DOE limits for individual airborne dose are
the same.

4 Estimates are calculated using the methodology described in the WVDP Manual for Radiological

Assessment of Environmental Releases at the VWDP (WVNSCO, 2003).

Estimated airborne releases are based on indicator measurements and process knowledge. Dose

estimates are calculated using CAP83-PC.

5 The estimated dose from radon-220 is specifically excluded by rule from NESHAP totals.
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Predicted Dose From Water bor ne Rel eases

Radon-220

Radon-220 is a naturally occurring gaseous decay product of thorium-232 present in the
airborne emissions from the WVVDP main plant. Radon-220, also known as thoron, is associ-
ated with the thorium reduction extraction (THOREX)-related thorium-232 and uranium-232
in the high-level waste.

As reported in Chapter 2 of the 1996 VWDP Ste Environmental Report (WVNSCO and Dames
& Moore, June 1997), thoron levels were observed to increase during startup of the 1996
high-level waste vitrification process. An estimate of the thoron released during each waste
concentration cycle was developed and used to determine a theoretical annual release. Dur-
ing the vitrification phase, an average of about 12 curies per day were released. In 2004, with
the vitrification process completed, the average was about three curies of thoron released per
day.

Although large numbers of curies were released relative to other radionuclides, the calculated
dose from thoron is quite small because of its short decay half-life and other characteristics.
The NESHAP rule specifically excludes thoron from air emission dose calculations, so a dose
estimate using CAP88-PC was calculated separately. The theoretical dose to the MEOSI lo-
cated 1.2 miles (1.9 km) north-northwest of the site in 2004 would have been 0.012 mrem, and
the collective dose to the population within
an 80-kilometer radius would have been
0.34 person-rem. (See Table 2-3.) These
theoretical doses arewithin the samerange
as doses from the man-made radionuclides
found in WVDP effluents.

Curies/day

With vitrification completed, thoron releases
have decreased to pre-vitrification levels.
Thefigure presented here providesarelative
indication of recent trends in the estimated
annual thoron releases.

1995 1996 1997 1998 1999 2000 2001 2002 2003 2004
Estimated Radon-220 Releases From the WVDP

fication process off-gastreatment system aswere
most other radionuclides. Asmorehigh-leve ra-
diocactivewastewas vitrified, iodine-129 levelsde-

Predicted Dose From
Waterborne Releases

creased and in 2003, the first full year since
vitrification was completed, the total annual re-
lease had dropped to 0.065 mCi. In 2004, thetotal
annual release decreased even further to 0.028
mCi. Even so, in 2004, iodine-129 continued to
account for the largest proportion of doseto an
off-siteindividual from main stack airborneemis-
sons.
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Currently there are no EPA standards establish-
ing limits onthe radiation doseto members of the
public from liquid effluents except asappliedin40
CFR 141 and 40 CFR 143, Drinking Water Guide-
lines(EPA, 1984a; 1984b). Cordllary limitsfor com-
munity water suppliesare set by NY SDOH inthe
New York State Sanitary Code (Title 10 of the
Officid Compilation of Codes, Rules, and Regu-
lations of the State of New York [NYCRR] 5-
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1.52). The privateresidential potable water wells
sampled for radionuclides are upgradient of the
WV DP and therefore do not represent apotential
source of exposureto radiation from routine Project
activities.

Since Cattaraugus Creek isnot used asadrinking
water supply, acomparison of the predicted con-
centrations and doseswith the 4-mrem/year (0.04-
mSv/year) EPA andNY SDOH drinking water limits
established in40 CFR 141 and 40 CFR 143, andin
10NYCRR 85-1.52, respectively, isnot truly ap-
propriate (althoughthe valuesin creek samplesare
well below the EPA drinking water limits). Thees-
timated radiation dose was compared to the appli-
cableguiddinesprovidedin DOE Order 5400.5. The
EDE to the MEOSI and the collective EDE to the
population dueto routinewaterborne rel eases and
natural drainage are ca culated using dose conver-
sonfactorsastabulated inthe*WVDP Manual for
Radiologica Assessment of Environmental Releases
a theWVDP’ (WVNSCO, 2003).

SincetheProject’sliquid effluents eventualy reach
Cattaraugus Creek, the most important individual
exposure pathway isthe consumption of fishfrom
thiscreek by local sportsmen. Itisconservatively
assumed that a person may consume annually as
much as 46 pounds (21 kg) of fish caught in the
creek. Exposureto external radiation from shore-
line or water contaminationisalsoincluded inthe
model for estimating radiation dose. Population
dose estimates assume that radionuclides are fur-
ther diluted in Lake Erie before reaching munici-
pal drinking water supplies.

The computer codes GENII version 1.485 (Pacific
Northwest Laboratory, 1988), whichimplementsthe
modes in NRC Regulatory Guide 1.109 (NRC,
1977),andLADTAPII (Smpsonand M cGill, 1980)
were used to caculate site-specific unit dose fac-
torsfor routinewaterborne releases and dispersion
of these effluents. Input dataincluded local stream
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flow and dilution, drinking water usage, and stream
usage factors. (See “WVDP Manual for Radio-
logical Assessment of Environmenta Releases at
the WV DP’ [WVNSCO, 2003] for adetailed de-
scription of the GENII code.)

Eight batchesof liquid effluentswere released from
lagoon 3 (point WNSP0O1) during 2004. M easure-
ments of theradioactivity discharged in these efflu-
ents, listed inAppendix C-2 werecombined with
the unit dose factors to calculate the EDE to the
MEQOSI and the collective EDE to the population
livingwithina50-mile(80-km) radius of theWVDP.

I naddition to measurements from WNSPOOL, ra-
dioactivity measurements from sewage treatment
facility effluents (WNSPOO7) wereincluded inthe
EDE calculations. Results from the sewage treat-
ment facility are also presented in Appendix C-
2™ (Thefrenchdrainat WNSP0O08, athird release
point, has been sealed off since 2001 and was not
included inthisevaluation.)

Besides thetwo rel ease pointsat WNSPOO1 and
WNSPO0O07, waters from two natural drainage
channels originating onthe Project premises con-
tain measurable concentrations of radioactivity: the
northeast swvamp (WNSWAMP) and northswamp
(WNSW74A). (SeeNortheast Swamp and North
Swamp Drainage discussed earlier in this chap-
ter.) Themeasured radioactivity from these points
is reported in Appendix C-3®. These results are
included in the EDE calculationsfor the MEOSI
and the collective population.

There were no unplanned releases of waterborne
activity to the off-site environment in 2004. (See
“RCRA 3008(h) Administrative Order on Consent”
and “ Process Sewer Integrity Evaluation” in the
Environmental Compliance Summeary.)
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Calculated Dose From Local Foodstuff Tests

Maximum Dose to an Off-Site Individual.
Based ontheradioactivity inliquid effluents dis-
charged from the WV DP (lagoon 3 and the sew-
age treatment plant) during 2004, an off-site
individual could have received amaximum EDE
of 0.016 mrem (0.00016 mSv). About 90% of this
dose was from cesium-137. The maximum off-
steindividual EDE dueto drainagefromthenorth
plateau (north swamp and northeast swamp) was
0.031 mrem (0.00031 mSv).

The combined EDE tothe maximally exposed indi-
vidua from liquid effluentsand drainagewas 0.047
mrem (0.00047 mSv). Thisannud doseisvery smal
in comparison to the 295 mrem (2.95 mSv) dose
that isreceived by an average member of the U.S.
population from naturd background radiation.

Collective Dose to the Population. As a re-
ault of radioactivity rleased inliquid effluentsfrom
the WV DP (primarily fromlagoon 3) during 2004,
the population living within 50 miles (80 km) of
the site received a collective EDE of 0.015 per-
son-rem (0.00015 person-Sv). Thecallectivedose
to the population from the effluents plusthe north
plateau drainage was 0.19 person-rem (0.0019

person-Sv). Theresulting average EDE from ef-
fluent releases and north plateau drainage (north
swamp and northeast swamp) per individua is
0.00013 mrem (0.0000013 mSv). Thisdoseisan
inconsequentia additionto thedosethat an aver-
agepersonreceivesinoneyear from natural back-
ground radiation.

Calculated Dose From L ocal
Foodstuff Tests

Asnoted inthe discussion of food chain monitor-
ing earlier inthis chapter, most radionuclide con-
centrations in near-site food samples were
statistically indistinguishable from concentrations
inbackground samples. Strontium-90 concentra-
tions higher than background were noted in fish
taken in Cattaraugus Creek downstream of the
WV DP(BFFCATC) and cesium-137 higher than
background was noted in one near-site deer. Even
90, conservative estimates of dose dueto consum-
ing near-sitefish, deer, beef, milk, beans, corn, and
apples were al less than 0.2 mrem/year. These
independent estimates confirm themodeled dose
estimates based on air and water effluent sam-
pling resultsas summarized in Table 2-3.
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Figure 2-6. Effective Dose Equivalent From Liquid and Airborne Effluents to a Maximally Exposed
Individual Residing Near the WVDP
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Predicted Dose From All
Pathways

The potential doseto the public from both airborne
and liquid effluentsreleased from the Project dur-
ing 2004 isthe sum of the individual dose contri-
butions. The calculated maximum EDE from all
pathways to a nearby resident was 0.049 mrem
(0.00049 mSv). This dose is 0.05% of the 100-
mrem (1-mSv) annuad limitin DOE Order 5400.5.
The estimated dose from radon-220 to the same
nearby resident was about 0.01 mrem.

Thetotal collective EDE to the population within
50 miles (80 km) of the sitewas 0.20 person-rem
(0.0020 person-Sv), with an average EDE of
0.0001 mrem (0.000001 mSv) per individual. The
estimated radon-220 dose to the population was
approximately 0.3 persor-rem.

Table 2-3 summarizesthe dose contributionsfrom
all pathways and compares the individual doses
with the applicable standards. Thelow doses ca-
culated using computer modeling were corrobo-
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rated by the low or non-detectable doses calcu-
lated from local foodstuff test data.

Figure 2-6 shows the calculated annual dose to
the hypothetica maximally expaosed individual over
the last ten years. The estimated dose for 2004
(0.05 mrem) is higher than the annual dose re-
ported for 2003 (0.03 mrem). Thedecreaseindose
fractionfromair emissionsin 2003 isattributed to
the continuing decreaseiniodine-129 emissions.
Liquid doses, however, weredlightly higher in 2004
thanin 2003 (0.047 versus 0.032 mrem, respec-
tively).

Figure 2-7 showsthecollective doseto the popula
tion over the last ten years. (See Fig. A-14 for a
map of the population sectors.) The overal radio-
activity represented by these data confirms the
continued inconsequentia additionto the natural
background radiation dose that individuas and
population around the WV DP receive from Project
activities.
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Dose to Biota: Aquatic and Terrestrial W dlife

Risk Assessment

Estimates of cancer risk fromionizing radiation
have been presented by the National Council on
Radiation Protection and M easurements (NCRP)
(1987b) and the National Research Council’s Com-
mittee on Biologicd Effectsof lonizing Radiation
(1990).

The NCRP estimates that the probability of fatal
cancer occuring is between oneand five per 10,000
people who each are exposed toonerem (i.e., a
risk coefficient of between 0.0001 and 0.0005).
DOE guidance has, in the past, recommended
using arisk coefficient of 0.0005 (ICRP, 1991) to
estimaterisk toaMEOQOSI. Recent DOE guidance
recommends using the even more conservative
risk coefficient of 0.0006 provided by the Inter-
agency Steering Committee on Radiation Standards
(January 2003). The estimated risk to the hypo-
thetical individua residing near the WV DP from
airborne and waterborne releases in 2004 was 3
chances in 100 million (a risk coefficient of
0.00000003). Thisrisk iswell below therange of
0.000001 to 0.00001 per year considered by the
ICRPinReport Number 26 (1977) to be areason-
ablerisk for any individual member of the public.

Dose to Biota: Aquatic and
Terrestrial Wildlife

Radionuclides from both natural and man-made
sources may befound inenvironmental mediasuch
as water, sediments, and soils. In the past, it has
been assumed that if radiological controlsare suf-
ficient to protect humans, other living things are
also likely to be sufficiently protected. This as-
sumptionisno longer considered adequate, since
populations of plants and animals residing in or
near these media or taking food or water from
these media may be exposed to a greater extent
than are humans. For this reason, the DOE pre-
pared atechnical standard which provides meth-
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ods and guidanceto be used to evaluate doses of
ionizing radiationto populaionsof aguaticanimals,
riparian animals (i.e., those that live along banks
of streams or rivers), terrestrial plants, and ter-
restrid animals.

Methods in this technical standard, “A Graded
Approach for Evaluating Radiation Doses to
Aquatic and Terrestrial Biota’ (DOE-STD-1153-
2002, July 2002), were used in 2004 to evaluate
radiation doses to aquatic and terrestrial biota
within the confines of the WNY NSC, whichin-
cludesthe WV DP. Doses were assessed for com-
pliance with the limit in DOE Order 5400.5 for
native aquatic animal organisms (1 rad per day)
and for compliance with the thresholdsfor terres-
trial plants (also 1 rad per day) and for terrestrial
animals (0.1 rad per day), as proposed in DOE-
STD-1153-2002. Notethat theabsorbed dose unit
(rad) isused for biotainstead of the units used for
indicating humanrisk (rem).

The RESRAD-BIOTA Code, a calculation tool
provided by the DOE for implementing the tech-
nical standard, was used to compare existing ra-
dionuclide concentration datafrom environmental
sampling with biota concentration guide (BCG)
screening val ues and to estimate upper bounding
doses to biota. Data collected from surface wa-
ters, sediments, and soils on and around the
WNY NSC over aten-year period (1991-2000)
were used as a baseline. For a more near-term
assessment, a second evaluation was completed
using surface water datafrom 2004, sediment data
fromthelast five years (2000-2004), and soil data
fromthelast tenyears (1995-2004). Differing time
periodswere used because radionuclide concen-
trations change more rapidly over timein surface
watersthanin sediments and soils, asreflected in
their sampling frequencies (weekly or monthly for
water, annually for sediments and soils). Longer
time periodswere alsorequired for sedimentsand
soils to obtain sufficient data points to produce
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reliableannual averages. (See AppendicesA and
B™ for maps and descriptions of monitoring and
surveillancelocations. Radionuclides analyzed for
eachmedium a eachlocation are listed inAppen-
dix B® SeeAppendices C and G™for asummary
of results from theselocationsin 2004.)

Concentration datafor radionuclides in each me-
dium were entered into the RESRAD-BIOTA
Code. Thevauefor each radionuclide was auto-
maticaly divided by its corresponding BCG inor-
der to caculate apartial fractionfor each nuclide
for each medium. Partial fractions for each me-
dium were added to produce asum of fractions.

It wasfound that theisotopes with the highest sums
of fractions—the radionuclidesthat contributed the
largest component of both agquatic and terrestria
doseto biota—were strontium-90 and cesum-137.
Per guidancein DOE-STD-1153-2002, the popula-
tions of organisms most sensitiveto strontium-90
and cesium-137 in this evaluation — that is, those
populations residing onthe WNY NSC that were
most likely to beadversely affected viathe aquatic
and terrestrial pathways— were determined to be
populations of the raccoon (aguatic dose) and the
deer mouse (terrestrial dose). Assuch, this study
does not pertainto pathwaysto humans, whichwere
addressed earlier in this chapter.

Exposures from the aquatic pathway may be as-
sumed to beless than the aquatic dose limit from
DOE Order 5400.5if the sum of fractionsfor the
water medium plus that for the sediment medium
islessthan 1.0. Similarly, exposures from the ter-
restrial pathway may be assumed to be less than
the proposed doselimitsfor bothterrestrial plants
and animalsif the sum of fractions for the water
medium plusthat for the soil mediumislessthan
1.0.

In accordance with the approach described in
DOE-STD-1153-2002, ageneral screening was
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first conducted using the maximum radionuclide
concentrations from surface waters, sediments,
and soils. Maximum radionuclide concentrations
exceeded applicable general screening BCG lim-
itsfor both aquatic and terrestrial evaluations.

Asrecommendedin DOE-STD-1153-2002, asite-
specific screening was then done using estimates
of average radionuclide concentrations derived
from measurementsin surfacewaters, sediments,
and soils. Results are summarized in Table 2-4.

At the site-specific screening level for thefull ten-
year period, the sums of fractionsfor the aguatic
andterrestrial system evaluationswere 0.45 and
0.57, respectively. The comparable sums of frac-
tions using the more near-term data were 0.17
and 0.31, respectively. The sum of fractions for
each assessment wasless than 1.0, indicating that
applicable BCGs were met for both the aquatic
andterrestria evaluations.

Upper bounding doses associated with the aguatic
system evaluation were 0.0059 rad/day to an
aquatic animal and 0.017 rad/day to ariparian
animal, far below the 1 rad/day standard from
DOE Order 5400.5 for dose to a native aguatic
animd. Upper bounding doses associated with the
terrestrial system evaluation were 0.031 and
0.0027 rad/day toterrestrial animals and plants,
againwell below the guidancethresholds (0.1 and
1.0 rad/day, respectively).

It was therefore concluded that populations of
aquatic and terrestrial biota (both plants and ani-
mals) onthe WNY NSC are not being exposed to
doses in excess of the existing DOE dose stan-
dardfor native aguatic animals (U.S. DOE, Feb-
ruary 1990) and the international standards for
terrestria organisms (International Atomic Energy
Agency [IAEA], 1992).
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Summary

Predictive computer modeling of airborne and
waterborne rel eases resulted in estimated hypo-
thetical doses tothemaximally exposed individual
that were orders of magnitude below all applicable
EPA standardsand DOE Orders, which placelimi-
tations on the release of radioactivematerials and
dosetoindividual membersof the public. Thecol-
lective population dose was also assessed and
found to be orders of magnitude below the natural
background radiation dose. Additionally, estimates
of doseto biotaindicated that biotaat theWVDP
are exposed at afraction of the DOE and IAEA
guiddlinesfor doseto biota.

Based ontheoverall dose assessment, the WV DP
wasfound to bein compliance with applicable ef-
fluent radiol ogical guidelines and standardsduring
calendar year 2004. Table 2-5 provides a sum-
mary of WV DP releases and calculated dosesin
the specified DOE format.
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Table 2-4
2004 Evaluation of Doseto Aquatic and Terrestrial Biota

Aquatic System Evaluation (Near-Term Data Set)

Nuclide Water Mean Water Ratio Sediment Mean Sediment Ratio Water and
BCG* Value BCG* Value Sediment
(pCilL) (pCilL) (pCilg) (pCilg) Sum of Fractions

Cesium-137 42.7 2.98 6.98E-02 3,130 6.43 2.06E-03 0.072

Strontium-90 279 26.9 9.65E-02 583 0.691 1.19E-03 0.10

All Others NA NA 7.47E-04 NA NA 5.31E-04 <0.01

Sum of Fractions (Near-Term Data) 1.67E-01 3.77E-03 0.17

Sum of Fractions (Long-Term [10-Yr] Data) 4.47E-01 5.65E-03 0.45

Estimated upper bounding dose to an aquatic animal = 0.0059 rad/day; to ariparian animal = 0.017 rad/day.

Terrestrial System Evaluation (Near-Term Data Set)

Nuclide Water Mean Water Ratio Soil Mean Soil Ratio Water and
BCG* Value BCG* Value Soil
(pCilL) (pCilL) (pCilg) (pCilg) Sum of Fractions

Cesium-137 599,000 2.98 4.97E-06 20.8 4.82 2.32E-01 0.23

Strontium-90 54,500 26.9 4.94E-04 225 1.70 7.56E-02 0.076

All Others NA NA 2.39E-06 NA NA 7.91E-04 <0.001

Sum of Fractions (Near-Term Data) 5.01E-04 3.08E-01 0.31

Sum of Fractions (Long-Term [10-Yr] Data) 7.20E-04 5.66E-01 0.57

Estimated upper bounding doseto aterrestrial plant = 0.0027 rad/day; to aterrestrial animal = 0.031 rad/day.

* The biota concentration guides (BCGs) are calculated values. Except for the sums of fractions and dose estimates, which are
rounded to two significant digits, all values are expressed to three significant digits.
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Table 2-5

WVDP Radiological Dose and Release Summary

WYVDP Radiological Dose Reporting Table CY 2004

Dose to the % of DOE Estimated Population Within Estimated Natural
Maximally Exposed 100-mrem Limit Population Dose 50 Miles Radiation Population
Individual (2000 census) Dose
0.049 0.00049 0.049 0.20 0.0020 1,536,000 453,000
mrem (mSv) person-rem  (person-Sv) person-rem

WYV DP Radiological Atmospheric Emissions? CY 2004 in Curies(Bq)

Tritium |Kr-85| Noble Gases|Short-Lived | Fission and Total Total Total Total Total Other
(T,<40 dy) |Fission and | Activation |Radioiodine|Radiostrontium Uranium® | Plutonium| Other (Rn-220)
% Activation | Products Actinides

Products

 oan (T1/2>3 hr)

(T,,<3hr)
5.60E-03 | NA NA NA 5.50E-05 4.22E-05 3.15E-05 2.07E-07 | 158E-06 | 2.12E-06 | 1.10E+03
(2.07E+08) (2.04E+06) | (1.56E+06) (1.17E+06) (7.66E+03) | (5.86E+04) | (7.84E+04)| (4.05E+13)
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WVDP Liquid Effluent Releases? of Radionuclide Material CY 2004 in Curies(Bq)

Tritium Fission and Total Total Total Total Total
Activation Radioiodine |Radiostrontium| Uranium¢ | Plutonium Other
Products Actinides
(T1/2>3 hr)
9.55E-02 7.14E-03 1.78E-04 2.00E-01 1.07E-03 1.63E-05 2.95E-05
(3.54E+09) (2.64E+08) (6.58E+06) (7.39E+09) (3.95E+07) | (6.05E+05) | (1.09E+06)

NA - Not applicable

8TheWVDPair and water releasesare from point source and controlled liquid effluent releases, respectively.

bTotal uranium (grams) = 2.10E-01
CTotal uranium (grams) = 7.86E+02
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